Background Qualitative research studies regarding physical activity in patients undergoing total joint arthroplasty (TJA) unfortunately are sparse in the current literature. Questions/Purposes To provide a foundation for future investigations, we performed a systematic review to identify the different instruments used to quantify physical activity in patients undergoing TJA and to determine how active these patients really are. Methods We systematically reviewed the literature on the bibliographic databases Medline, Cochrane Library, and EMBASE published until September 2008, focusing on studies assessing total physical activity in patients after or undergoing TJA. Results of those studies quantifying physical activity using accelerometers and pedometers were combined using meta-analytic methods. Results In the 26 studies included (n = 2460 patients), motion sensors and recall questionnaires were most commonly used. The research aims and goals varied widely among the studies and the results mainly were descriptive. Studies quantifying physical activity using pedometers and accelerometers suggested a weighted mean of 6721 steps/ day (95% confidence interval [CI], 5744-7698). Steps per day determined by accelerometers were 2.2 times the steps measured by pedometers. Metaregression showed that walking activity decreased by 90 steps/day (95% CI, À156 to À23) every year of patient age. Conclusions These results suggest patients undergoing TJA are less active than recommended to achieve healthenhancing activity levels (greater than 10,000 steps/day), but they appear more active than normally assumed in typical wear simulations. Future investigations have to evolve more standardization in the assessment and reporting of physical activity in TJA patients.
Introduction
Physical inactivity is a modifiable lifestyle-related risk factor considered one of the leading causes for the major noncommunicable chronic diseases such as cardiovascular disease, diabetes mellitus, colon and breast cancers, obesity, hypertension, osteoporosis, and depression [43-45, 56, 71, 76, 77] . Approximately 250,000 deaths per year in the United States are associated with physical inactivity [7] . There is overwhelming evidence that regular physical activity reduces overall mortality and morbidity and the incidence of chronic diseases [11, 22, 43-45, 53, 65] .aerobic activities for 5 or more days per week or vigorous aerobic activities for 20 minutes at least 3 days per week [1, 2, 32, 57] . Although there are numerous modes of aerobic physical activity in which individuals can engage [9, 10] , walking is the most widely performed aerobic activity in the United States [31, 71] . With the advent of pedometers, it also has become economically and technically feasible to accurately assess physical activity, quantified as steps taken per day [68] [69] [70] . A value of 10,000 steps/day currently is promoted as a target for obtaining health benefits [37, 61, 69] .
Facing the older population with osteoarthritis and treated by total joint arthroplasty (TJA), there is evidence that aging individuals are less physically active than younger individuals and that physical performance and cardiovascular capacity decline with increasing age, which also might result in increased mortality [12, 24, 49, 58, 78, 79] . Greater than 46% of older Americans can be classified as inactive [39] and greater than 60% of adults with arthritis do not meet physical activity recommendations [26] . Therefore, considering the evident health benefits of physical activity, a successful surgical procedure such as TJA should not only improve pain and function, but also allow patients to be physically active, preferably as active as needed to meet recommended activity levels. However, physical activity is not unrestrictedly warranted in these patients, taking the increased risk of wear production and implant loosening into account that might accompany increased activity levels. Qualitative research defining the type and amount of physical activity in patients undergoing TJA that improves health without disproportionally increasing wear and revision rates unfortunately does not exist in the literature. Although such evidence would be the most desirable result of any future research efforts, the determination of the current state of physical activity research in patients undergoing TJA regarding quality (how is it assessed?) and quantity (how much is performed?) represents the cornerstone for future investigations.
Our systematic review therefore addressed the following questions: (1) How is total physical activity quantified in patients undergoing arthroplasty? (2) How active are patients undergoing TJA?
Materials and Methods
We identified relevant publications (ie, studies related to physical activity in patients undergoing TJA) using a computer-aided search by the two authors (FDN, FMI). We systematically reviewed the literature on the bibliographic databases Medline (through PubMed), Cochrane Library, and EMBASE published until September 2008 using the following combinations of search terms: ''physical activity'' OR ''activity levels'' OR ''habitual activity'' OR ''health enhancing activity'' OR ''pedometer'' OR ''accelerometer AND ''arthroplasty'' OR ''joint replacement'' OR ''knee prosthesis'' OR ''hip prosthesis.'' This search strategy yielded 1688 citations. To identify additional articles, the bibliographies of recent review articles were searched for any additional relevant works. We then screened all articles according to a recommended protocol [82] . For the current review, we focused on studies conducted on patients after THA or TKA or patients with osteoarthritis undergoing joint arthroplasty. Accordingly, we defined three initial inclusion criteria: (1) the article referred to patients with hip or knee osteoarthritis and scheduled for joint arthroplasty or to patients with hip or knee arthroplasties; (2) the study evaluated habitual physical activity levels or the total amount of physical activity; and (3) the article was published in English, German, French, or Italian. Exclusion criteria were as follows: (1) the study assessed physical activity by simple rating scales or by not validated qualitative or relative questions (eg, ''how would you rate your level of physical activity compared with preoperatively?''); (2) the study used only physical performance tests (eg, get-up-and-go test) or determined parameters of gait; and (3) the article was published in another language than one of those previously mentioned.
Of the 1688 identified citations, we excluded 1631 articles using the above criteria after screening titles and abstracts. The full texts of the remaining 57 articles were retrieved and further analyzed. After analyzing these full texts and screening recent review articles (Fig. 1) , 26 separately published articles comprising 2460 patients met the inclusion and exclusion criteria (25 were in English, one in German) and were included in this review (Table 1) Total hits n = 1688
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Irrelevant from title (n = 1157) Fig. 1 Of the 1688 identified citations, 26 separately published articles comprising 2460 patients met the inclusion and exclusion criteria (25 were in English, one was in German). Both authors then independently abstracted the following data for each study: study location, study aim, subject characteristics (age, gender, body mass index), instrument (type, model, sampling duration), type of surgery (hip or knee), time to followup, and main physical activity outcome (Table 1) . Consensus between both authors was achieved afterwards by discussing and resolving any discrepancies. When physical activity was measured with accelerometers, we converted the data from cycles to steps. For retrieving additional data not reported in the articles (sampling time, proportion of males and females, body mass index [BMI], standard deviations, and so on), the authors of the studies were contacted by e-mail or phone.
After data extraction, combining the results of the studies quantifying physical activity using accelerometers and pedometers seemed possible by using meta-analytic methods. To allow meta-analytic methods, the mean and standard deviation (or variance) of any measurement must be provided; reporting of patient demographics (ie, age, gender distribution, weight, height, BMI) and details on other variables of interest (eg, sampling time) are required for additional subgroup analyses. To obtain an overall weighted mean and the relative 95% confidence interval of the variable of interest, two methods can be used: fixed-and randomeffect models [14, 15, [19] [20] [21] 80] . Not all the studies reported the variance or standard deviation. In those cases (ie, in which the standard deviation or variance was not reported or supplied by the authors), the standard deviation was estimated from the range value if available [36] . Both methods are intended to assign more weight to studies containing more information (eg, with larger sample size, higher quality of research designs). Fixed-effect models assume each study estimates the same true population value and, therefore, that the only source of error is the random error in the study [80] . To test this assumption, we checked homogeneity using Q statistics (ie, to examine if differences in studies are explained by sampling variation only). The Q statistics were significant (p \ 0.0001) in all group and subgroup analyses, indicating a high degree of heterogeneity. To synthesize the results of the different studies and perform sensitivity analysis, we therefore used a random-effect model. This model assumes there is a distribution of population values and generates weighted means taking into account within-and between-study differences. Sensitivity analysis was performed stratifying data according to the instruments used for assessing physical activity (accelerometer versus pedometer). Other subgroup analyses were possible only for studies that used pedometers. Therefore, we divided and analyzed the pedometer data classifying them according to age categories (younger than 65 years versus 65 years or older) and time from joint arthroplasty (less than 5 years versus 5 years or longer). Although we attempted to retrieve additional data by contacting the authors of the studies, we were not able to retrieve enough data to do further analyses (eg, relation between physical activity and BMI). For the studies measuring physical activity using questionnaires, there were not enough data for meta-analysis and therefore no attempt for synthesizing these results was made. Data from these studies were presented and interpreted qualitatively. All statistical procedures were performed using the Comprehensive MetaAnalysis computer program (Version 2; Biostat, Englewood, NJ).
Results
The most common methods identified for quantifying physical activity in patients undergoing TJA were motion sensors (accelerometers and pedometers) and recall questionnaires. Ten studies assessed physical activity using pedometers [3, 4, 28, 29, 47, 60, 62, 63, 75, 84] , six used accelerometers [8, 17, 34, 35, 74, 81] , two used accelerometers and pedometers [59, 64] , six used questionnaires [13, 23, 38, 51, 72, 73] , two studies used accelerometers and questionnaires [16, 81] , and one study used pedometers and questionnaires [54] . No study used one of the gold standard methods for assessment of total physical activity, ie, oxygen uptake or doubly labeled water. Several studies also determined activity levels using activity rating scales (eg, UCLA scale) or they assessed patient-reported outcomes using traditional measures (eg, WOMAC). Among the 26 included studies, physical activity mainly was assessed descriptively and the research goals were widespread and unfocused (Table 1) .
Meta-analysis was used for the studies that used accelerometers and pedometers. For group and subgroup analyses, Q tests showed a high degree of heterogeneity (p \ 0.0001). The weighted mean of all studies quantifying physical activity using pedometers and accelerometers was 6721 (95% confidence interval [CI], 5744-7698; z = 13.477; p \ 0.0001; n = 1169) steps/day. Subgroup analysis showed that steps assessed using accelerometers were 2.2 times the steps measured using pedometers (Table 2) . Considering pedometer studies only, patients assessed less than 5 years after surgery took more steps/day than those assessed 5 or more years after surgery (6032 to 4251). Metaregression showed a relation (unrestricted maximum likelihood method; Q = 6.918, p = 0.008) between age and steps/day with physical activity decreasing by 90 steps/day (95% CI, À156 to À23) every year of age (Fig. 2) . To better compare the number of steps/day of healthy people with those of patients undergoing TJA, we performed an additional subgroup analysis categorizing the studies in two age groups (younger than 65 years and 65 years or older) as reported by Bohannon in a recent meta-analysis on physical activity in adults [6] . The source of heterogeneity could not be identified with the sensitivity analysis. The latter was limited to few parameters because not enough data and studies were available, eg, we were not able to examine the relation between physical activity and BMI.
Discussion
Considering the evident health benefits of physical activity, a successful surgical procedure such as TJA should not only improve pain and function, but also allow patients to be physically active, preferably as active as needed to meet recommended health-enhancing activity levels. However, with increased physical activity levels in patients undergoing TJA, the production of wear and the risk of an early implant failure also might increase. Several published studies reported on the participation in sports and recreational activities after different joint arthroplasty interventions [33, [50] [51] [52] 83] , but these studies do not allow for valid conclusions regarding health benefits, total physical activity levels, and the association between activity and wear or implant failure. Published qualitative research defining the type and amount of physical activity in these patients that improves health without disproportionally increasing wear and revision rates unfortunately does not exist. Consequently, the determination of the current state of physical activity research in patients undergoing TJA regarding quality (how is it assessed?) and quantity (how much is performed?) represents the cornerstone for future investigations. This systematic review therefore addressed the following questions: (1) How is total physical activity quantified in patients undergoing arthroplasty? (2) How active are patients undergoing TJA?
Before interpreting the current results, some limitations must be considered. The main limitation is related to the heterogeneity of the data so that the meta-analytic results have to be construed with some caution. Also, not all information required for an additional meta-analytic data interpretation (eg, sampling time, proportion of males and females, BMI or weights and heights, standard deviations, ranges, and so on) was reported in the studies and was not supplied by authors we contacted by e-mail or phone. Second, we did not screen all available databases, therefore some articles that would have met the inclusion and exclusion criteria might have been missed. We decided to focus on physical activity related to health enhancement because this issue is underrepresented in the orthopaedic literature despite the fact that people are aging, and today's lifestyle factors increase the prevalence of cardiovascular disease and associated risk factors such as hypertension, diabetes, and obesity. We did not systematically review the topic of wear rates or implant loosening related to physical activity in this study. Such an investigation would be of great importance in patients undergoing TJA considering that physical activity levels required to obtain health benefits should not substantially compromise the implant durability. Our results nevertheless showed that the literature examining physical activity in patients undergoing TJA is very heterogeneous in terms of instruments and methodology used. Therefore, such an investigation seems to require additional quality investigations before being able to draw valid conclusions.
Several methods can be used for direct or indirect measurement of physical activity (oxygen uptake, heart rate, body temperature, doubly labeled water, motion sensors, physical activity records and questionnaires, and so on) [40] . Simple rating scales such as the UCLA, Tegner, or Devane scales provide an approximate overview over current and past activity levels, but they are only qualitative and we believe should not be used to make judgments regarding means to enhance health [51] . For this reason, we excluded studies that only used such rating scales. The most common methods for quantifying total physical activity in TJA currently are motion sensors Fig. 2 Metaregression showed walking activity decreased by 90 steps/day (95% confidence interval, À156 to À23) for every year of patient age.
(accelerometers and pedometers) and recall questionnaires. Our analysis, however, showed steps measured by pedometers were less than half the steps measured by accelerometers. Although there is a report indicating that pedometers record approximately 2000 steps/day less than accelerometers [68] , the discrepancy we found is remarkable. An obvious difference between both types of motion sensors was reported by Silva et al. [63] ; however, excluding that study from our meta-analysis, the differences remain similar (4904 versus 11,408 steps/day). The reason for this large discrepancy may be related to various factors that have influence on motion sensor readings such as walking velocity, altered gait biomechanics, and the amount of soft tissues [68] . Patients undergoing TJA may have altered gait biomechanics [46, 66] , may walk at a slower speed than healthy subjects [46] , and are more likely to be overweight or obese (BMI 25-31 kg/m 2 in the current study). In addition, not all pedometer models have the same accuracy, particularly at slower walking speeds (less than 60 m/minute) [41, 42] . The pedometer model most often used in the studies reviewed was the Sportline (Yonkers, NY). Two models of the Sportline pedometer (Models 330 and 345) underestimate steps taken in the range of 20% to 40% compared with actual steps measured on a motorized treadmill at a walking speed of 54 m/ minute [42] . Furthermore, pedometers usually start recording after four consecutive steps. In healthy people, Orendurff et al. [55] showed the most common walking period is 4 ± 1 steps (17% of total step counts). No studies have examined this in clinical populations, but it is possible that this observation is even more evident in patients undergoing TJA (ie, high frequency of periods of short walking). Underestimation of the slower and short periods of walking is not a concern when examining physical activity from a health-enhancing perspective, because for health enhancement, periods of 10 minutes are considered necessary. On the contrary, this is a problem when step counts are used in studies examining the relation between wear and physical activity where any and every step counts. Overall, the aforementioned factors may at least partly explain the difference between pedometers and accelerometers. Another reason could be related to the heterogeneity of the data, therefore, the differences between pedometer and accelerometer readings might not be as large as found here. Nevertheless, based on the aforementioned considerations and also taking biasing effects of the data heterogeneity into account, accelerometers appear to be the more appropriate instruments to objectively assess physical activity in individuals undergoing TJA. Furthermore, contrary to pedometers, accelerometers can give an estimation of the activity intensity, which is an important factor in fitness and wear production or implant loosening contexts. Wear production and implant loosening are not simply correlated with walking cycles, but also are dependent on body weight, muscle balancing, performed activities with shear and shock forces, and the intensity exerted during these activities [18] .
However, pedometers and accelerometers may be unsuitable instruments for routine clinical practice considering their costs (especially for accelerometers) and burden (various visits for data downloading). For this reason, for routine assessment of physical activity in view of health enhancement and of potential adverse effects on replaced joints, recall questionnaires potentially are more useful instruments. Despite the inordinate number of habitual physical activity questionnaires that have been developed and described in the literature, only a few such measures have been used in patients undergoing TJA, and to our knowledge, none of these questionnaires has yet been criterion validated in this group of patients. A prerequisite for recommendation of any habitual physical activity questionnaire for routine use would be that it reports results in internationally comparable values such as the metabolic equivalent of task (MET) in addition to a criterion validation in the target patient group. Therefore, there is much room for future research of physical activity in patients undergoing TJA, for which we propose several important aspects concerning standardization and reporting that should be considered (Appendix).
Among the 26 studies included in this review, the research goals for the physical activity assessment were widespread and unfocused. Most studies reported their data more or less descriptively and the importance of physical activity for health maintenance or enhancement has been mostly neglected. Only two reports accounted habitual physical activity from a health perspective [51, 73] . Although we identified eight studies that tried to find associations between physical activity and wear rate or implant failure, the methods used in these studies varied considerably, prohibiting any attempt to summarize the data. The different modalities and often insufficient methods used to quantify physical activity in patients undergoing TJA may be the main reason for the discordance in the literature regarding the association of physical activity and wear or implant failure. Schmalzried et al., for example, highlighted that wear is a function of use, not time [59] . Sechriest et al., in contrast, found no correlation between linear wear rates and physical activity assessed by pedometers and the UCLA activity scale [62] . In a large patient sample (n = 1535), Flugsrud et al. found that male patients with intermediate to intense physical activity during leisure time had a fourfold increased risk of aseptic cup loosening after THA compared with their sedentary counterparts [25] . On the contrary, Gschwend and associates observed lower revision rates in patients active in sports 5 to 10 years after THA, although linear wear rates were higher in the active group [30] . In their case-control study, Jones et al. also concluded physical activity seems not to be a risk factor for the revision of TKA [38] . It might be undisputed that a joint implant is a mechanical device, and wear is increased in each mechanical device the more it is used, and also in dependency of the implant materials, bearing surfaces, and implant positions. However, the border between unacceptably increased failure risk and health benefits gained from physical activity has not yet been approximately estimated. Therefore, there is much room for future research, also considering our responsibility as treating surgeons to face the increasing patient expectations regarding sports and an active lifestyle.
A comparison between physical activity levels in patients undergoing TJA and recommended physical activity levels was not possible with data obtained using physical activity recall questionnaires. This was the result of the use of different questionnaires, the lack of sufficient information for transforming the reported physical activity in values with similar units (eg, METs), and untraditional ways to report physical activity compared with the specific literature. Therefore, future studies should try to standardize how physical activity results from questionnaires and motion sensors are reported, possibly following more common procedures so comparisons with the literature will be easier (Appendix) [5, 48, 67] . The only possible comparisons were with the amount of steps determined using pedometers (10,000 steps target) and with the data recently reported in a meta-analysis performed on studies examining physical activity in healthy people. Even taking into account any potential error of pedometers, it is clear that the amount of steps/day of patients undergoing TJA is well below the recommended 10,000 steps/day and walking activity reported for healthy people [6] (Fig. 3) . Bohannon showed that healthy people older than 65 years take 6565 steps/day, whereas those younger than 65 years take 9800 steps/day. Our data are below these values and confirm that there is a relation between age and physical activity with steps decreasing with increasing age (Fig. 2) . Extrapolating Fig. 3 Patients undergoing total joint arthroplasty take obviously less than the recommended 10,000 steps/day for health enhancement (assessed by pedometers).
the mean of 6721 steps/day calculated in our review, patients undergoing TJA perform 1.22 million gait cycles per year. Considering the more accurate measurement using accelerometers, the value of 11,250 steps/day corresponds to 2.05 million cycles per year. These values are approximately 20% to 100% higher than the one million cycles that wear simulations normally assume to correspond to 1 year in vivo. Thus, these simulations correspond to an in vivo period of only 6 to 10 months and such results therefore must be interpreted cautiously even when performed several million times as these simulations would not reflect many years of use.
We identified the different instruments used up to now to quantify physical activity in patients undergoing an arthroplasty. The impact of surgical treatments on physical activity levels from a health-enhancing perspective is more or less neglected in the orthopaedic literature. Gartland criticized the narrow perspective of much orthopaedic research because clinical researchers often described the technical aspects of operative interventions and their impact on the function of a specific joint rather than on the overall physical and economic status of the patient [27] . The summarized results we found indicate, on average, patients undergoing TJA are less active than recommended to achieve health-enhancing activity levels, but they are more active than assumed in wear simulations. Therefore, simulation results or statements supplied by industrial concerns should be interpreted cautiously given an assumed one million cycles do not correspond to 1 year in vivo, but only to approximately 6 to 10 months and given most wear simulations do not even replicate many years of use. Future investigations should evolve more standardization in terms of physical activity assessment and reporting and this review can serve as the basis for such research.
Appendix. Suggestions for future research projects and proposal regarding how data should be assessed and reported 
